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Synthetic Chemicals as Indicators 


5 uw first organic compounds which 
were observed to show color changes 
at different degrees of acidity were prob- 
ably of vegetable or animal origin. Most 
of these, however, such as_alizarin, 
cochineal, turmeric, etc., are rapidly 
disappearing from the laboratory shelf. 
An exception is litmus, which, in the 
form of an indicator paper, is still valua- 
ble for comparatively rough determina- 
tions of acidity. Practically all of the in- 
dicators used today are synthetic pro- 
ducts made either in organic laboratories 
or dye plants. 

The mechanism of the color change in 
indicators, all of which behave as very 
weak acids or bases, is still somewhat 
obscure. Ostwald suggested that the two 
colors are due to the ionization of the in- 
dicator at different hydrogen-ion con- 
centrations—the ionized form being a 
different color from the undissociated 
molecule. Later evidence has shown that 
in addition to ionization, there is an in- 
ternal rearrangement of the molecule 
which is largely responsible for the 
changed color. The lack of knowledge 
regarding the cause of the color trans- 
formation has not prevented the ex- 
tensive use of these compounds as valua- 
ble laboratory reagents. In fact, the 
number of indicators recommended be- 

came unnecessarily large, and in Igog, 
S. P. L. Sorensen, of the Carlsberg Lab- 
oratory, in connection with his work on 


enzymes, investigated the available in- 
dicators and chose a series the members 
of which were especially suitable for 
biochemical work. Since that time other 
series of indicators have been selected 
which cover a wide range of pH values. 

By far the largest number of indica- 
tors are found in the azo dyestuffs. These 
include Methyl Orange (dimethylamino- 
azobenzene sulfonic acid), Methyl Red 
(dimethylaminoazobenzene carboxylic 
acid), and many other valuable indica- 
tors such as Neutral Red, Methyl Yel- 
low, Orange I, Alizarin Yellow R, etc. 
The pararosaniline dyes, which include 
Crystal Violet, Methyl Green, Ethyl 
Violet, and Fuchsin, also are often used 
as indicators. 

The phthaleins as a group have been 
found to be excellent indicators for the 
alkaline region. In addition to phenol- 
phthalein and tetrabromophenolphtha- 
lein, the cresol-, naphthol-, xylenol- and 
thymol-phthaleins make useful indica- 
tors. The color changes of this group are 
somewhat unusual when compared with 
other indicators. All of these phthaleins 
are either colorless or faintly yellow and 
have a lactone formation in acid solu- 
tion. As alkali is added the lactone struc- 
ture changes to a quinoid form which is 
brightly colored. With further excessive 
addition of alkali, a salt of a carboxylic 
acid carbinol which has no quinoid 
structure is formed, so that the solution 
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becomes coiorless again. 

The su lforphthaleins were studied by 
Clark and Lubs, who prepared a serves of 
indicators composed ehttreiy yf, .com- 
pounds in this gtoup. Owing to their 
brilliant colors, they have been found 
especially useful for the colorimetric 
determinations of hydrogen-ion concen- 
trations. They are made by condensing 
phenolic compounds with the anhydride 
of o-sulfobenzoic acid in the presence of 
zinc chloride. The following table of sul- 
fonphthaleins shows the pH ranges and 
abbreviated names for some of this 


group. 

Sulfonphthalein Compound pH Range 
p-Xylenol—(Xylenol Blue).............. 1.2-2.8 
tetrabromophenol—(Brom Phenol Blue). . . 3.0-4.6 
tetrabromocresol—(Brom Cresol Blue)... .. 4.0-5.6 


dibromocresol—(Brom Cresol Purple)... .. 5.2-6.8 
dibromothymol—(Brom Thymol Blue). . . .6.0—7.6 


phenol-(Phenol Red)...............:... 6.8-8.4 
o—cresol—(Cresol Red).................. 7.2-8.8 
thymol—(Thymol Blue)................. 8.0-9.6 


Another series of indicators suggested 
by Michaelis is composed of a group of 
nitrophenols. The range of color changes, 
which in each case is from colorless to 
yellow, is shown in the accompanying 
table. 


Nitrophenol pH Range 
PS a rr 0.0-1.3 
Fee 1.7-4.4 
ee ren 2.0-4.7 
Fe. ae 4.0-6. : 
a ee 5.0-7.6 

EEE Oe a 6.5-8.5 


In acidimetry and alkalimetry, the 
choice of indicator for a given titration 
depends on the concentration of hydro- 
gen-ions furnished by the resulting salt. 
If a slightly alkaline salt like sodium 
acetate is formed at the equivalence 
point, an indicator should be used which 
will show a change in color on the alka- 
line side. Phenolphthalein or Thymol 
Blue, which change color at a pH of 
about 8-10 should, therefore, be used in 
titrating acetic acid with sodium hydrox- 
ide. If a weak base like ammonia is being 
titrated with a strong acid, the resulting 


acid-reacting salt will require that the in- 
dicator change color on the acid side of 
neutrality. In this case, either Methyl] 
Red or Brom Cresol Blue, which change 
at a pH of about 4-6, could be used. When 
a highly ionized neutral salt is formed, 
as in the case of titrating a strong acid 
with a strong base, a slight excess of 
either solution makes a large change in 
hydrogen-ion concentration, so that any 
indicator having a color change between 
pH 3 and 11 would be satisfactory. Con- 
versely, the titration of a very weak base 
with a weak acid is seldom significant 
owing to the relatively small change in 
pH value at the endpoint. 

An important application which 
evolved from the study of indicators is 
the direct colorimetric determination of 
hydrogen-ion concentration. One of the 
simplest methods consists in adding an 
indicator to the unknown solution, and 
comparing the tint with a series of refer- 
ence solutions which contain the same 
indicator but vary in hydrogen-ion con- 
centration. These standard reference 
solutions are buffered to definite pH 
values by mixtures such as borax and 
boric acid, sodium acetate and acetic 
acid, or sodium hydroxide and potassium 
acid phthalate. The amounts of the com- 
ponents to use have been carefully 
worked out and the actual pH may be 
checked by hydrogen electrode measure- 
ments. These colorimetric methods have 
found many industrial applications, 
among which are the control of water 
purification, sizing of paper, sewage dis- 
posal, sugar refining, baking, tanning, 
electroplating, etc. 

As in all quantitative methods, each 
new application requires an investiga- 
tion of the conditions involved. Such 
factors as the color range of the indica- 
tor, its concentration, and the effect of 
salts, proteins, etc., on the indicator it- 
self must be considered. Much of the in- 
formation regarding the various indica- 
tors is already available and more knowl- 
edge concerning them is added each year. 
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Glass Blowing Technique 





6 ken organic aes 
chemist more 

than anyone else 
appreciates the 
value of the ability 
to blow gless. The 
fact that many of 
the best organic 
chemists are ex- | 
pertsat glass blow- 
ing is not a coinci- 








the picture can be 
repeated as many 
times as desired so 
that the instructor 
may point out im- 
portant details. 
Two short reels 
showing the most 
common opera- 
tions in laboratory 
glass blowing have 








dence. Although From the film “G 
there are many 

standard pieces of laboratory glassware 
on the market, there are so many prepa- 
rations requiring special apparatus that 
the ability to work with glass 1s a dis- 
tinct asset. 

The chemistry departments of the 
various schools and universities recog- 
nize the value of training in the art and 
many of them have provided courses of 
instruction in glass blowing, some of 
which are compulsory for students spe- 
cializing in chemistry. It 1s true, never- 
theless, that the majority of students 
finish their school work without acquir- 
ing the ability to do much more than 
join two tubes together. There are, of 
course, certain types of apparatus which 
can be built much more economically 
by an expert than by the chemist. Hours 
and even days, however, can often be 
saved if one is able to remodel or repair 
glassware. 

Instruction in the art of glass blowing 
lends itself conveniently to the use of 
motion pictures. It is much easier to 
demonstrate a particular operation to a 
group of students by projecting a pic- 
ture on a screen than by any other 
means. Such details as methods of rotat- 
ing the glass and regulating the type of 
flame can be shown clearly to every in- 
dividual in the group. T here is also the 
additional advantage that portions of 
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been made in the 
Kodak Research 
Laboratories. These have been printed 
on 16 mm. Safety film and incorpor- 
ated in the program of the Eastman 
Teaching Films, Inc., an organization 
formed last year to produce educa- 
tional motion pictures. The different 
operations in elementary glass blowing 
are demonstrated by an expert showing 
the simplest method in each case. All of 
the demonstrations are carried out with 
Pyrex glass on account of its adoption by 
most of the laboratories in the country. 

One of the first scenes shows a typical 
glass blowing bench with the equipment 
usually found in the average laboratory. 
The few tools required are shown as they 
become necessary for the work. The cor- 
rect way of cutting glass tubing is dem- 
onstrated, using either a glass knife or a 
hot wire. Other operations included in 
the first reel are the bending of glass tub- 
ing, making test tubes and T tubes, and 
repairing a distilling flask. The illustra- 
tion above, taken from the second reel, 
shows the finishing touches in sealing a 
bulb to a narrow tube. 

“Glass Blowing Technique” can be 
shown to a class in the laboratory or lec- 
ture room, and will be found of real as- 
sistance in learning the proper technique. 
Price $35. These films are obtainable only 
from Eastman Teaching Films, Inc., 
343 State Street, Rochester, N. Y. 
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Organic Chemicals as 


Analytical Reagents 


IX. REAGENTS FOR CHROMIUM 
1.8 — DriHYDROXYNAPHTHALENE — 3.6— 
DISULFONATE 

Garratt, Ind. & Eng. Chem. 5, 298 
(1913) 

This reagent is recommended for the 
colorimetric determination of small 
amounts of chromium in steels. Iron is 
removed by oxidation with nitric acid 
and precipitation with sodium hydrox- 
ide. After filtering, the chromium salts 
are oxidized by means of sodium perox- 
ide. The solution 1s acidified with sulfuric 
and phosphoric acids, after which a 1% 
aqueous solution of the above reagent 1s 
added. A pink to cherry-red color 1s 
formed which may be compared with 
suitable standards. 


PYROGALLOL DIMETHYL ETHER 

Meyerfeld, C. A. 4, 3178 (1910) 

A 2% aqueous solution of pyrogallol 
dimethyl] ether forms a yellow-red color 
with extremely small amounts of dichro- 
mates in acid solution. It is possible to 
detect 0.02 mg. of dichromate in Io cc. 
of solution by this method. The sensitiv- 
ity can be further increased by shaking 
out with chloroform, in which the yellow 
compound dissolves. Ferric chloride and 
nitrites also give a similar test. 


DIPHENYLCARBAZIDE 

Stover, J. A. C. S. 50, 2363 (1928) 

This compound was found to be a 
much more sensitive reagent for dichro- 
mates than the ether-hydrogen peroxide 
test. It gives a violet coloration with 
solutions which contain as little as one 
part of chromium in one hundred million. 
The reagent is made by dissolving 0.2 
gm. of diphenylcarbazide in Io cc. of 
glacial acetic acid and diluting to 100 cc. 
with 95% ethyl alcohol. 
DIPHENYLAMINE 

Scott, Standard Methods of Analysis 


p. 164a (1927) 


The method of determining iron by 
titration with dichromate used by Knop 
is reversed so as to determine chromium 
in iron ores and alloys. After fusion of 
the sample with sodium peroxide and 
subsequent acidification, a measured ex- 
cess of ferrous ammonium sulfate is 
added. A few drops of the diphenylamine 
solution are added and the excess ferrous 
salt is titrated with standard dichro- 
mate. At the endpoint, the green colored 
solution changes to an intense blue. 


New Chemicals 


The following preparations have been 
added to our list since the last issue of 
this bulletin: 
*Acetyl-z—Naphthylamine 
*n—-Amyl Phthalate 
*Anisal Acetone 
*Benzyl Phthalate 
*n—Caproyl Chloride 
*Cellobiose Octaacetate 
*o-Chloroacetanilide 
*Cyclohexanoneoxime 
*Cyclohexylamine 
*2.6—-Dichloroquinonechloroimide 
*2.4-Dihydroxyazo—p-nitrobenzene 
*4-Dimethylaminobenzene — 1 — azo- 

naphthalene 
*Dipheny!—-az—-naphthyl1 Carbinol 
*M yristamide 
*Myristanilide 
*Nitrobarbituric Acid 
*g—Phenylxanthydrol 
*iso—Propyl Lactate 
*Triketohydrindene Hydrate 

*All of these are either made or puri- 
fied in our own laboratories. 


Correction 
Dr. kK. E. Reid of Johns Hopkins has 


called our attention to a misstatement in 
a recent article in this bulletin on sources 
of aliphatic alcohols. Ethylene and pro- 
pylene do not occur as such in West 
Virginia natural gas but are obtained by 
the cracking of saturated hydrocarbons 
which have been separated from the gas. 
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